During the last fifteen years B s,d decays, B 0 s,d −B 0 s,d mixings, related mixing induced CP-violating asymmetries S ψK S and S ψφ and CP violation in charm decays provided the dominant information about the pattern of flavour violation within the Standard Model (SM) and its extensions. K meson physics was solely represented by the CP-violating parameter ε K which by itself could still provide a very powerful constraint on new physics (NP) models but could not offer by far as much information about the pattern of flavour violation in nature as the observables in heavy meson decays. We emphasize that in the coming years K meson physics will certainly strike back through the measurements of the branching ratios of theoretically very clean decays K + → π + νν and K L → π 0 νν and improved calculations of the ratio ε /ε provided recently by lattice QCD and large N approach. Also the improved calculations of the K 0 −K 0 mass difference ∆M K could be of help in this context. We summarize the status of K + → π + νν and K L → π 0 νν within the SM and simplified NP models and update the picture of flavour violation in the Littlest Higgs model with T-parity (LHT) taking all available constraints into account. But the highlight of this talk are new results on ε /ε from lattice QCD and large N approach that give a strong indication for a new anomaly in flavour physics, this time coming from K mesons. Indeed, ε /ε within the SM is found to be significantly below the data of NA48 and KTeV collaborations. Combining lattice results on the non-perturbative parameters B
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Overture
There is no question about that flavour physics will play an important role in identifying NP, even if first signs of it would be found at the LHC [1] [2] [3] [4] . While the full picture will only be gained through the study of flavour violating processes in all meson systems and including also lepton flavour violation, breakdown of lepton flavour universality, electric dipole moments and (g − 2) e,µ , in this talk I will concentrated on K meson physics and the topics already mentioned in the abstract.
This talk is divided into three parts:
• Summary of the present status of K + → π + νν and K L → π 0 νν within the SM followed by the recent results obtained in simplified models with flavour violating couplings of our Z and of a heavy Z .
• Picture of quark flavour observables in the LHT model with T-parity after LHC Run 1.
• New results on ε /ε from lattice QCD and large N approach. Here I will discuss first of all the emerging anomaly in ε /ε mentioned in the abstract and the correlation of ε /ε with K L → π 0 νν and K + → π + νν. But, I will also emphasize the compatibility of the results obtained by the lattice simulations and the analytic QCD approach to K 0 −K 0 mixing and non-leptonic K-meson decays developed in the 1980s in collaboration with Bardeen and Gérard. It is based on the dual representation of QCD as a theory of weakly interacting mesons for large N, where N is the number of colours, as pioneered in 1970s by 't Hooft and Witten.
News on
K + → π + νν and K L → π 0 νν
Standard Model
These two very rare decays are exceptional in the flavour physics as their branching ratios are know for fixed CKM parameters within an uncertainty of 2% which cannot be matched by any other decay to my knowledge. Indeed, they are theoretically very clean and their branching ratios have been calculated within the SM including NLO QCD corrections to the top quark contributions [5] [6] [7] , NNLO QCD corrections to the charm contribution in K + → π + νν [8] [9] [10] and NLO electroweak corrections [11] [12] [13] . Moreover, extensive calculations of isospin breaking effects and non-perturbative effects have been done [14, 15] . Therefore, once the CKM parameters |V cb |, |V ub | and γ will be precisely determined in tree-level decays, these two decays will offer an excellent test of the SM and constitute a very powerful probe of the NP. Reviews of these two decays can be found in [1, [16] [17] [18] [19] .
It is really exciting that after more than twenty years of waiting [5] , the prospects of measuring the branching ratios for these two golden modes within this decade are very good. Indeed, the NA62 experiment at CERN is expected to measure the K + → π + νν branching ratio with the precision of ±10% [20, 21] , and the KOTO experiment at J-PARC should make a significant progress in measuring the branching ratio for K L → π 0 νν [17, 22] .
In [23] we have reviewed the status of these decays within the SM taking into account all presently available information from other observables and lattice QCD. In calculating the branching ratios for these decays we have first used the tree-level determination of the CKM parameters to find
This strategy is clearly optimal as it allows to predict true SM values of these branching ratios.
More precise predictions can be obtained by imposing in addition the constraints on CKM parameters from ∆F = 2 observables, in particular ε K , ∆M s , ∆M d and mixing induced CP asymmetries S ψK S and S ψφ . One finds then
and the expected progress on the determination of weak decay constants and B i parameters from lattice QCD could certainly reduce the errors by a factor of two. Still, the first strategy of using only tree-level determinations of CKM parameters should be favoured, in particular in the context of NP analyses, since it allows to determine the CKM matrix elements independently of NP effects. In this context, probably the most important results of [23] are the following parametric expressions for the branching ratios in terms of the CKM inputs:
The parametric relation for B(K L → π 0 νν) is exact, while for B(K + → π + νν) it gives an excellent approximation: for the large ranges 37 ≤ |V cb | × 10 3 ≤ 45 and 60 • ≤ γ ≤ 80 • it is accurate to 1% and 0.5%, respectively. The exposed errors are non-parametric ones. They originate in the left-over uncertainties in QCD and electroweak corrections and other small uncertainties. For K + → π + νν the error is larger due to the relevant charm contribution that can be neglected for K L → π 0 νν. In the case of B(K + → π + νν) we have absorbed |V ub | into the non-parametric error due to the weak dependence on it.
These formulae are useful as they allow easily to monitor the changes in the values of branching ratios in question, which clearly will still take place before the values on |V cb |, |V ub | and γ from tree-level decays will be precisely known. The error budgets can be found in Fig. 1 of [23] .
Of particular interest are also the correlations between the branching ratios for
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Note that these relations are independent of |V cb | and (2.7) should be of interest in the coming years due to the measurement of K + → π + νν by NA62, of B s → µ + µ by LHCb and CMS and of γ by the LHCb. Moreover the last factor should also be improved by lattice QCD. In particular lowering B s → µ + µ through smaller |V cb | implies B(K + → π + νν) in the ballpark of 7 · 10 −11 and through (2.8) ε K below the data unless γ and |V ub | are significantly modified.
There are other interesting SM results in [23] , in particular those for the SM, but let us first turn our attention to our second recent analysis in [24] which was devoted to K → πνν and ε /ε in simplified NP models. In this part we will only discuss K → πνν decays. The results on ε /ε from this paper will be summarized in the third part of this talk.
Beyond the Standard Model
The decays K + → π + νν and K L → π 0 νν have been studied over many years in various concrete extensions of the SM. A review of the analyses performed until August 2007 can be found in [16] . More recent reviews can be found in [1, 18, 19, 25, 26] . Most extensive analyses have been performed in supersymmetric models [27] [28] [29] [30] [31] , the Littlest Higgs (LH) model without T-parity [32] , the LH model with T-parity (LHT) [33, 34] , Randall-Sundrum models [35, 36] , models with partial compositeness [37] and 331 models [38, 39] . All these models contain several new parameters related to couplings and masses of new fermions, gauge bosons and scalars and the analysis of K + → π + νν and K L → π 0 νν requires the inclusion of all constraints on couplings and masses of these particles and consequently is rather involved. Moreover, the larger number of parameters present in these models does not presently allow for clear cut conclusions beyond rough bounds on the size of NP contributions to
Therefore, in [24, 40, 41] , in order to get a better insight into the structure of the possible impact of NP on K + → π + νν and K L → π 0 νν decays, and in particular on the correlation between them and other observables, we studied simplified models with flavour violating Z and Z that contain small number of parameters. In particular recently, with this idea in mind, we analyzed [24] :
• General classes of models based on a U(3) 3 flavour symmetry (MFV), illustrating them by means of two specific models in which quark flavour violating couplings of Z and of a heavy Z are consistent with this symmetry.
• Models in which the flavour symmetry U(3) 3 is reduced to U(2) 3 , illustrating the results again by means of two simple Z and Z models.
• The Z and Z models with tree-level FCNCs in which the quark couplings are arbitrary subject to available constraints from other decays. In particular in this case we included righthanded currents which are absent in MFV and strongly suppressed in the simplest U(2) 3 models.
The main results of this study, postponing the results for ε /ε to the third part of this talk, are as follows:
• There is a hierarchy in the size of possible NP effects in K → πνν mediated by tree-level Z and Z exchanges. They are smallest in MFV models, larger in U(2) 3 models and significantly larger in the case of new sources of flavour and CP violation beyond these two CKM-like frameworks. 
The expanding red region illustrates the lack of correlation for models with general LH and RH NP couplings. The green region shows the correlation present in models obeying CMFV. The blue region shows the correlation induced by the constraint from ε K if only LH or RH couplings are present. From [24] .
• In MFV models NP effects in K → πνν above 30% at the level of the branching are rather unlikely. Moreover, there is as strong correlation between the branching ratios for these two decays. An important constraint on the size of NP comes from the data on B s → µ + µ − decay.
• The latter constraint is absent in U(2) 3 models allowing for larger NP effects.
• In Z models with MFV the present B d → K(K * )µ + µ − anomalies favour the enhancement of K + → π + νν and K L → π 0 νν. ∆F = 2 observables however put significant constraints on this possibility.
• Beyond MFV and U(2) 3 models the correlation between two branching ratios and the size of possible NP effects depends on the presence or absence of ε K constraint [42] , the impact of K L → µ + µ − that depends on whether the flavour violating couplings are left-handed or righthanded [35] , and in the case of K L → π 0 νν, as we will see below, on the ε /ε constraint [43] . Still in the case of Z FCNCs enhancements by factors of 2-3 over the SM expectations are still possible. Due to the absence of correlations between K → πνν and ε /ε in general Z models, the size of NP contributions in these decays could be in principle even larger. Then, as demonstrated in [44] , K + → π + νν and K L → π 0 νν can probe energy scales as large as 1000 TeV in the presence of general flavour-violating couplings.
• Finally, the future measurement of B(K L → π 0 νν) and its correlation with B(K + → π + νν) will significantly facilitate the distinction between various models. See Fig. 1 and related text in [24, 42] .
LHT Model Facing New Flavour Data
The Littlest Higgs Model with T-parity (LHT) belongs to the simplest NP scenarios with new sources of flavour and CP violation. The latter originate in the interactions of ordinary quarks and leptons with heavy mirror quarks and leptons that are mediated by new heavy gauge bosons. Also a heavy fermionic top partner is present in this model which communicates with the SM fermions by means of standard W ± and Z 0 gauge bosons. In [34] we have presented a new analysis of quark observables in the LHT model in view of the oncoming flavour precision era. To this end we used all available information on the CKM parameters, lattice QCD input and experimental data on quark flavour observables and corresponding theoretical calculations, taking into account new lower bounds on the symmetry breaking scale and the mirror quark masses from the LHC. Our main findings are as follows:
• The LHT model agrees well with the data on ∆F = 2 observables and is capable of removing some slight tensions between the SM predictions and the data.
• The most interesting departures from SM predictions can be found for K + → π + νν and K L → π 0 νν decays, when only constraints from ∆F = 2 observables are taken into account. An enhancement of the branching ratio for K + → π + νν by a factor of two relative to the SM prediction quoted above is still possible. An even larger enhancement in the case of K L → π 0 νν is allowed. But as we will discuss soon the recent news on ε /ε in the SM appears to exclude this possibility at present. Rather a suppression of K L → π 0 νν is required to fit the data on ε /ε. On the other hand no significant shifts of K + → π + νν with respect to SM are then allowed.
• NP effects in rare B s,d decays are significantly smaller than in rare K decays. Still they can amount to up to a factor of 2 in the b → d system and to about 50% of the SM branching ratios in b → s transitions, like B(B s → µ + µ − ) and B → K ( * ) νν.
• The future of the LHT model depends crucially on the improved experimental values of B(B s,d → µ + µ − ) and on the future of the B d → K ( * ) + − anomalies. If these anomalies will be confirmed by future more accurate data and theory predictions, then the LHT model is not the NP realised in nature. For this model to survive the flavour tests in the quark sector, the anomalies in question have to disappear. Then the LHT model will have to face ε /ε as we will see soon. For other news on LHT, in particular if no LHT particle will be found at the LHC, we refer to [34] .
ε /ε Striking Back

Standard Model
One of the stars of flavour physics in the 1990s was the ratio ε /ε that measures the size of the direct CP violation in K L → ππ relative to the indirect CP violation described by ε K . On the experimental side after heroic efforts on both sides of Atlantic the world average from NA48 [45] and KTeV [46, 47] On the theory side a long-standing challenge in making predictions for ε /ε within the SM and its extensions has been the strong interplay of QCD penguin contributions and electroweak penguin contributions to this ratio. In the SM, QCD penguins give a positive contribution and electroweak penguins a negative one. In order to obtain a useful prediction for ε /ε, the relevant contributions of the QCD penguin and electroweak penguin operators must be know accurately. Reviews on ε /ε can be found in [48] [49] [50] [51] [52] .
As far as short-distance contributions (Wilson coefficients of QCD and electroweak penguin operators) are concerned, they have been known already for more than twenty years at the NLO level [53] [54] [55] [56] [57] [58] and present technology could extend them to the NNLO level if necessary. First steps in this direction have been taken in [8, 59, 60] .
The situation with hadronic matrix elements is another story and even if significant progress on their evaluation has been made over the last 25 years, the present status is clearly not satisfactory. In order to describe the problem in explicit terms let me write down the formula for ε /ε recently presented in [61] This formula has been obtained by assuming that the real parts of the K → ππ isospin amplitudes A 0 and A 2 , which exhibit the ∆I = 1/2 rule, are fully described by SM dynamics. Their experimental values are used to determine to a very good approximation hadronic matrix elements of all (V − A) ⊗ (V − A) operators [57] . In this manner the main uncertainties in ε /ε reside in the parameters B
(1/2) 6 and B (3/2) 8 which parametrize the hadronic matrix elements of the (V − A) ⊗ (V + A) QCD penguin and electroweak penguin operators, Q 6 and Q 8 , respectively. The first and the third term in (4.2) summarize respectively the contributions of (V − A) ⊗ (V − A) QCD and electroweak penguin operators that have been extracted using the experimental data on the real parts of A 0 and A 2 .
The parameters a andΩ eff summarize isospin breaking corrections and include strong isospin violation (m u = m d ), the correction to the isospin limit coming from ∆I = 5/2 transitions and electromagnetic corrections and can be extracted from [62, 63] . They are given as follows [61] has been made by the RBC-UKQCD collaboration, who presented their results on the relevant hadronic matrix elements of the operator Q 6 [64] and Q 8 [65] . These results imply the following values for B to be compared with their values in the strict large N limit of QCD [66] [67] [68] 
The low value of B
(1/2) 6 in (4.4) is at first sight surprising and as it is based on a numerical simulation one could wonder whether it is the result of a statistical fluctuation. But the very recent analysis in the large-N approach in [69] gives strong support to the values in (4.4) . In fact, in this analytic approach one can demonstrate explicitly the suppression of both B in agreement with (4.4). For further details, see [69] . Combining the lattice results in (4.4) with (4.2) a detailed numerical analysis in [61] gives
roughly 3σ away from the experimental value in (4.1). But even discarding the lattice results, varying all input parameters, we find at the bound B the SM predictions for ε /ε are significantly below the data. This is an important result as it shows that even if the value of B
(1/2) 6 from lattice calculations would move up in the future, the SM would face difficulty in reproducing the data provided the large-N bound in (4.6) is respected. Thus it appears that we have a new anomaly in flavour physics, this time coming from the K meson sector.
In contrast to our analysis the RBC-UKQCD lattice collaboration [64] does not include isospin breaking effects and calculates all hadronic matrix elements directly, that is not imposing the ∆I = 1/2 rule. It is then not surprizing that with their values in (4.4) they get much less precise result for 9) but also this result indicates that SM has some problems in reproducing the data. As the bound in (4.6) plays a significant role in the conclusion that NP could be at work in ε /ε, let me ask sceptical readers to have a look at [69, 70] where other successes of the large N approach [66, 67, [71] [72] [73] [74] are summarized. In particular those related to the ∆I = 1/2 rule and thê B K parameter entering ε K that after almost three decades are supported by lattice QCD. Therefore, I strongly believe that future more precise lattice calculations of B will confirm the bound in (4.6) implying that indeed NP contributes significantly to ε /ε unless the error in the experimental value in (4.1) has been underestimated.
The present situation with ε /ε reminds us the story of (g − 2) µ , where after fifteen years of the Brookhaven result we are not fully confident, whether NP is at work here. New experiment at Fermilab should be able to clarify this situation at the end of this decade. Assuming that other lattice groups will join RBC-UKQCD efforts in calculating B
(1/2) 6 and B (3/2) 8 , we should be able to decide around 2020 whether a new experiment on ε /ε is required. To this end also the roles of final state interactions (FSI) and of NNLO QCD corrections in ε /ε have to be better understood. While in [75] the enhancement of ε /ε through FSI is claimed (see however [76] ), the NNLO corrections to electroweak penguins contributions to ε /ε suppress this ratio [59] . The NNLO QCD corrections to QCD penguins are unknown at present. 
Beyond the Standard Model
In most extensions of the SM the enhancement of the branching ratio for K L → π 0 νν through NP usually implies the suppression of ε /ε and enhancement of ε /ε implies suppression of K L → π 0 νν. This is related to the fact that there is a strong correlation between negative electroweak penguin contribution to ε /ε and the branching ratios for K L → π 0 νν. The correlation with K + → π + νν, which is CP-conserving, is weaker but it exists in specific models.
In the left panel of Fig. 2 we show the correlation between K L → π 0 νν and ε /ε in the LHT model [34] . In the right panel the analogous correlation between B(K + → π + νν) and ε /ε is shown. Different colours correspond to different choices of (B ). We observe that LHT model can reproduce the experimental value of ε /ε provided K L → π 0 νν decay is strongly suppressed with respect to its SM value, while NP effects in K + → π + νν are small. NP effects are governed here by electroweak penguins.
However, as demonstrated in [24] one can construct simplified models in which in fact ε /ε and the branching ratio for K L → π 0 νν can be simultaneously enhanced with respect to their SM values. In the left panel of Fig. 3 we show the correlation between ε /ε and K L → π 0 νν in a model in which Z has both the left-handed and right-handed flavour-violating couplings ∆ sd L,R (Z) = 0, and compare it with the opposite correlation that is present in the LH scenario in which the right-handed couplings vanish (central panel). The latter result is then similar to the one in the LHT model.
It turns out then that in the case of Z the simultaneous enhancement of ε /ε and K L → π 0 νν requires the existence of flavour-violating right-handed Z couplings. As shown in the right panel of Fig. 3 this is not required in the case of Z . A tree-level exchange of Z with left-handed flavour violating quark couplings and flavour universal structure of diagonal RH quark couplings contributes to ε /ε dominantly through the QCD penguin operator Q 6 and is capable of enhancing ε /ε and K L → π 0 νν simultaneously [24, 41] .
Summary
K meson flavour physics will surely strike back through the measurements of the branching ratios K + → π + νν and K L → π 0 νν and the improved theory of ε /ε. As pointed out already in [77] precise measurements of both K → πνν branching ratios would offer the determination of the unitarity triangle which could be compared with the one extracted these days dominantly from B physics. In particular as demonstrated in [78, 79] within the SM and models with MFV, rather precise determination of sin 2β without the usual QCD penguin pollution and almost independently of |V cb | can be obtained. Analytic expressions for the parametersρ andη in terms of the branching ratios for K + → π + νν and K L → π 0 νν can be found in these papers and numerical analyses have been presented by us in several papers since then. Recently also the authors of [80] have shown that the inclusion of ε K and ε /ε in addition to K + → π + νν and K L → π 0 νν could help to determine such K-triangle.
Even if I happened to start such a game in [77] , when we expected that the branching ratios for K + → π + νν and K L → π 0 νν will be measured at Brookhaven and Fermilab around the year 2000, I do not think that this strategy is a very efficient way to search for NP. With already rather precise values of CKM parameters, obtained dominantly from B physics experiments, it appears to me that it is more straightforward to identify NP by simply comparing precise SM predictions for both branching ratios and ε /ε with the future precise data. In this manner not only departures of SM predictions from data can be hopefully identified but the pattern of these deviations will give us some hints what kind of NP could be responsible for these deviations.
A similar comment applies to the very old idea pioneered in [81] in the case of the determination of the charm quark mass from K 0 −K 0 mixing and the top quark mass from B d −B d mixing [82] that has been extended to rare decays, in particular K + → π + νν and K L → π 0 νν, in [83] . It has recently been reconsidered in the context of general indirect determinations of m t in [84] . Even if such studies have some virtues, similar to the determination of |V cb | from rare Kaon decays [85] , they necessarily assume that NP does not contribute to the processes used for such determinations at a measurable level and we should really hope that the nature will tell us soon that this assumption is wrong.
In any case I am convinced that K + → π + νν, K L → π 0 νν and ε /ε will in the coming ten years contribute in a very important manner to our understanding of the short distance dynamics, in particular to the one beyond the reach of the LHC [44] .
